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Diesel PM Model-To-Measurement Comparison
EPA Contract 68-C-01-164, Work Assignment No. 0-5

CHAPTER 1. INTRODUCTION AND SUMMARY

The purpose of this project was to compare estimated diesel particulate matter (diesel PM or DPM)
concentrations based on elemental carbon (EC) and black carbon (BC) data with modeled ambient
concentrations of DPM from the 1996 National-Scale Air Toxics Assessment (NSATA).

The NSATA used DPM inventory estimates from EPA’s final rule promulgating 2007 heavy duty
engine standards. Using the ASPEN dispersion model, NSATA developed estimates of 1996 annual
average concentrations of DPM at census tracts nationwide. The goal of this project was to evaluate
the reasonableness of DPM estimates from dispersion models for this case by comparing the
NSATA DPM concentration estimates with estimates based on measured EC and BC
concentrations.

EC measurements can be obtained from PM2.5 monitoring sites that sample PM2.5 using quartz
fiber media. The EC is measured using thermo-optical analysis of the carbonaceous material. Many
studies have used thermal optimal transmission (TOT), the NIOSH method developed at Sunset
laboratories. Some studies have used thermal optical reflectance (TOR), a method developed by
Desert Research Institute. In addition, some sites measure ambient BC with an Aethalometer.
EPA’s Office of Air Quality Planning and Standards is reviewing the measurement of EC
through the Speciation Trends Network, and an Agency statement on the issue is forthcoming.
For now, however, existing values developed using the TOT method are being used.

All these carbon concentration measurements can be used to estimate ambient DPM by using
conversion factors based on 1) source apportionment studies, 2) source-receptor model studies, and
3) studies which examine the fraction of EC in DPM.

Our analysis was carried out as a series of steps that are detailed in this report:

1. A nationwide database was compiled containing elemental carbon (EC), organic carbon
(OC), and black carbon (BC) concentration measurements from PM2.5 monitoring sites from
January 1994 to December 2001. The database includes daily, annual, seasonal,
weekday/weekend, and overall average concentrations and other summary statistics for each
monitoring site.

2. Using results from several source apportionment studies, multiplicative conversion factors
to estimate diesel particulate matter (DPM) from EC, OC, and BC concentrations  were
compiled. Average conversion factors were compiled together with lower and upper bound
values.

3. Based on the results of steps 1 and 2, average, minimum, and maximum estimates of the
overall average DPM at each monitoring site were computed.
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4. The monitored values of the DPM (derived in  step 3) were statistically compared with
modeled values from the NSATA at the nearest census tract centroid and at the census tract
centroid with the maximum modeled value within 30 km. The goal of the comparison was
to determine if the modeled DPM concentrations in the NSATA agree reasonably well with
estimates from monitored data.

Data Base

As described in Chapter 2, ICF developed a database of EC and BC measurements from PM2.5
monitoring sites, consisting of EC and BC data collected in the time period from January 1, 1994
to December 31, 2001. The database has been provided to EPA in a .DBF format, although ICF’s
statistical analyses were performed in SAS using a SAS database. The data sources with
currently available data included 76 EPA PM speciation sampling sites, the Northern Front
Range Air Quality Study (NFRAQS), the Phoenix EPA PM Supersite, Interagency Monitoring of
Protected Visual Environments (IMPROVE), Clean Air Status and Trends Network
(CASTNET), the California Multiple Air Toxics Exposure Study in the South Coast Air Basin
(MATESii), and the 1995 Integrated Monitoring Study (IMS95). Data were also obtained from
one of EPA’s EMPACT grant recipients, Airbeat.

The EC and BC values “below the detection limit” were replaced by one half of the minimum
detection limit (MDL). Missing data were not used or substituted for, to avoid biasing the
estimated standard deviations.

The database includes the following information, where available:

1. For each site measuring carbon on quartz fiber, the method by which EC and OC
fractions (EC/OC) are determined

2. Latitude and longitude coordinates of the monitor
3. Whether the monitor is in an urban or rural tract, based on NSATA assignments
4. The minimum detection limit of the monitor and analytic method
5. Monitor start and end dates
6. Summary statistics of daily average EC, OC, or BC measurements for all data at the site

and also stratified by 1) year, 2) calendar quarter, 3) year and quarter, 4) weekday and
weekend. The following summary statistics were obtained: mean, median, standard
deviation, geometric mean, geometric standard deviation, minimum, 10th, … 90th

percentile, maximum.
7. The same set of summary statistics were obtained for ECOCX, an EC concentration value

developed from the EPA PM TOT speciation data to estimate the corresponding TOR
value, and for the various monitored DPM estimates computed by applying correction
factors (described below) to the EC values.

8. At each PM2.5 monitoring site, the fractions of PM2.5 which are elemental carbon,
organic carbon, sulfates, and nitrates.
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Conversion Factors

As described in Chapter 3, ICF developed multiplicative “conversion factors” (CFs) for
estimating ambient DPM based on the ambient EC, BC or OC measurements. For each site and
carbon type (EC, OC, or BC), a low-end, most likely (“average”), and high-end CF was
assigned, as discussed below. For EC sites, the estimated ambient DPM-high equals ambient EC
multiplied by the high-end CF for EC, the estimated ambient DPM-low equals ambient EC
multiplied by the low-end CF for EC, and the estimated ambient DPM-avg equals ambient EC
multiplied by the most likely CF for EC. BC and OC conversion factors were tabulated but not
applied to the concentration data. Separate sets of conversion factors were applied to EC data
collected by the TOR or TOT method.

The CFs were developed using existing source apportionment studies. Source apportionment
studies for the West US included the Northern Front Range Air Quality Study (Denver,
Colorado), the Los Angeles Study (various analyses based on data collected in 1982 at 4 urban
Southern California sites), and the San Joaquin Valley Study. For the East US, information from
the recent source apportionment study for sites in the South-East US was used. We contacted
several experts and reviewed available literature to obtain information from these studies. In
particular, James Schauer from University of Wisconsin-Madison provided very helpful
information. The conversion factors were developed by dividing the reported DPM concentration
by the reported total EC or OC concentration.

Since there are several source apportionment studies, each giving different estimates of the diesel
contribution at different receptors, and since there are several diesel exhaust source profiles in
the literature, several possible CF values could be applied for each site. For the TOR conversion
factors, we developed rural CFs for rural sites and urban CFs at urban sites. We could not obtain
TOR data to match by region or season, since the available data were all collected in the winter
and in the West US. For the TOT conversion factors we developed separate factors by quarter for
the East US and another set of factors for the West US. We could not obtain TOT data to match
by the urban or rural classification. The minimum, average, and maximum of the possible CFs
will give the low-end, most likely, and high-end CF’s for that site.

Model to Monitor Comparisons

In Chapter 4, we will describe the DPM model-to-monitor comparisons. Using the CFs to
convert the monitored EC values to estimated DPM concentrations, we compared differences
between the monitored and modeled DPM values. For the modeled values, the NSATA
predictions for 1996 using ASPEN (and CALPUFF, for the background) were used. We
compared the monitored value to the NSATA prediction at the nearest ASPEN receptor site
(census tract centroid). We also compared the monitored value to the maximum NSATA
prediction within 30 km. For the monitored value we separately analyzed the site means of
DPM-high, DPM-low, and DPM-avg, as described above. The site means were computed by
averaging all the daily averages (from January 1, 1994 to December 31, 2001). There were
insufficient data to restrict the monitored data to the modeling year 1996.
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Separately for each model-to-monitor comparison, and for all locations, urban locations, and
rural locations, we compared the modeled and monitored results using:

• Scatterplots of modeled against monitored values that include fitted regression lines
• Tables summarizing the regression fits, average difference, and average percentage

difference for the modeled values against the monitored values
• Tables summarizing the proportions of modeled values that were within 10%, 25%, 50%,

and 100% of the monitored values

Using the NSATA estimates of the percentage contributions of onroad and nonroad sources at
each matched receptor site, we also evaluated whether the regions dominated by either onroad or
nonroad sources have better model-to-monitor comparisons. The same statistical comparisons
were applied to the subsets of sites dominated by non-road (at least 75 % of modeled DPM is
non-road) or on-road (at least 50 % of modeled DPM is on-road) emissions.

The inventory estimates from the NONROAD model have been revised since the NSATA
assessment was conducted using the draft 2000 NONROAD model (also used to develop
inventories for EPA’s 2007 heavy duty standards). The EPA provided a single nationwide
multiplicative adjustment factor of 0.69 for the nonroad ambient DPM based on the ratio of
NONROAD year 1996 predictions from the 2002 and 2000 draft versions of the NONROAD
model . To determine if this 70 % adjustment lead to improved model-to-monitor comparisons,
we applied the same statistical comparisons after adjusting the NSATA predictions using the
nonroad adjustment factor (the onroad ambient DPM is unchanged).

Findings

The model-to-monitor comparisons for non-EPA TOR data (i.e. excluding the ECOCX estimates
of TOR from the EPA TOT data) were based on 15 monitoring sites. The model-to-monitor
comparisons for TOT data were based on 95 monitoring sites. The model-to-monitor
comparisons for TOR data including the EPA ECOCX values were based on 88 monitoring sites.

The regression model analyses were generally less useful because the R squared values were in
most cases less than 0.3 and the regressions tended to be over-influenced by the more extreme
values. Based on the regression results, the best model performance was for the DPM-minimum
monitored value for TOT data but for the DPM-average value for TOR data. Results were very
similar for the modeled values based on the 2000 and 2002 NONROAD model and were a little
better for the rural sites compared to the urban sites. For the Non-road-dominated subset of TOT
sites, the regression model fitted better than the all sites regression, but the monitored values
were significantly overpredicted. For the Non-road-dominated subset of TOR sites including the
EPA ECOCX sites, the regression model fitted a bit worse than the all sites regression. There
was not enough data to evaluate the On-road-dominated subset. The comparisons between the
maximum modeled value within 30 km and the monitored values all showed that the monitored
value was significantly over-predicted.

A summary table of the differences between the nearest modeled values and the monitored
values is given on the next page. Based on the mean percentage difference and based on the
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fraction of modeled values within 100 % of the monitored value, the best model performance
was consistently for the DPM-maximum value at the nearest census tract centroid using the
estimates consistent with the 2002 NONROAD model. For the non-EPA TOR, for TOT, and for
the combination of TOR data from TOR sites and from EPA TOT converted to TOR (i.e., TOR
and ECOCX), the mean percentage differences were 26 %, 27 %, and –12 % and the fractions of
modeled values within 100 % of the monitored value were 73 %, 80 %, and 92 %, respectively.
These results compare favorably with the results of the model to monitor comparisons for other
pollutants in the NSATA assessment. For instance, ASPEN typically agrees with monitoring data
within 30% half the time and within a factor of 2 most of the time. The best agreement is for
benzene where the results are within a factor of two for 89 percent of the cases and within 30%
59 percent of the time. The median ratio of the benzene model to monitor comparisons was 0.92.
Agreement for other HAPs varies, with median ratios of model to monitor values varying
between 0.65 for formaldehyde to 0.17 for lead.

We can conclude that the modeled diesel PM concentrations in NSATA agree reasonably well
with monitor values, and the agreement is better than for other pollutants evaluated, except for
benzene.
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Summary of differences between the nearest modeled concentration and the monitored values.

Fraction of Modeled
Values Within

Modeled
Variable1

Monitored
Variable2 N

Mean
Modeled

Value

Mean
Monitored

Value

Mean
Difference Mean

%
Difference 10% 25% 50% 100%

concnear ECTOR 15 1.56 0.94 0.63 100 0.07 0.13 0.53 0.53
concnear2 ECTOR 15 1.20 0.94 0.26 56 0.07 0.13 0.47 0.60
concnear ECTORH 15 1.56 1.16 0.40 62 0.00 0.07 0.40 0.60
concnear2 ECTORH 15 1.20 1.16 0.04 26 0.00 0.07 0.33 0.73
concnear ECTORL 15 1.56 0.64 0.92 190 0.13 0.40 0.47 0.53
concnear2 ECTORL 15 1.20 0.64 0.55 126 0.07 0.33 0.47 0.53
concnear ECTOT 95 2.61 1.73 0.88 80 0.12 0.21 0.45 0.68
concnear2 ECTOT 95 2.05 1.73 0.32 42 0.11 0.37 0.53 0.77
concnear ECTOTH 95 2.61 2.10 0.52 61 0.11 0.22 0.46 0.74
concnear2 ECTOTH 95 2.05 2.10 -0.05 27 0.11 0.35 0.53 0.80
concnear ECTOTL 95 2.61 1.52 1.09 101 0.09 0.17 0.43 0.63
concnear2 ECTOTL 95 2.05 1.52 0.52 58 0.09 0.32 0.52 0.72
concnear TOR 88 2.31 1.70 0.61 47 0.10 0.30 0.59 0.78
concnear2 TOR 88 1.81 1.70 0.11 15 0.17 0.30 0.59 0.85
concnear TORH 88 2.31 2.23 0.08 13 0.11 0.26 0.60 0.84
concnear2 TORH 88 1.81 2.23 -0.42 -12 0.08 0.22 0.52 0.92
concnear TORL 88 2.31 1.19 1.12 110 0.10 0.26 0.41 0.65
concnear2 TORL 88 1.81 1.19 0.62 65 0.14 0.31 0.52 0.74

Notes:
1. Modeled variable:
concnear Nearest modeled DPM concentration consistent with the draft 2000

NONROAD Model
concnear2 Nearest modeled DPM concentration consistent with the draft 2002

NONROAD Model
2. Monitored variable:
ECTOR EC value multiplied by TOR average correction factor (missing for EC

measured using TOT).
ECTORH EC value multiplied by TOR maximum correction factor (missing for EC

measured using TOT).
ECTORL EC value multiplied by TOR minimum correction factor (missing for EC

measured using TOT).
ECTOT EC value multiplied by TOT average correction factor (missing for EC

measured using TOR).
ECTOTH EC value multiplied by TOT maximum correction factor (missing for EC

measured using TOR).
ECTOTL EC value multiplied by TOR minimum correction factor (missing for EC

measured using TOR).
TOR ECOCX value multiplied by TOT average correction factor for EPA data,

ECTOR for TOR data.
TORH ECOCX value multiplied by TOT maximum correction factor for EPA

data, ECTOR for TOR data.
TORL ECOCX value multiplied by TOR minimum correction factor for EPA

data, ECTOR for TOR data.
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CHAPTER 2. DIESEL PARTICULATE MATTER EC/OC/BC DATABASE

EPA has been provided with three DbaseIII (DBF) files, comprising the EC/OC/BC
(elemental/organic/black carbon) concentration database. The files were developed by compiling
and processing data from the following studies (“source”):

• AIRBEAT
• CASTNET
• EPA (PM Speciation data)
• IMPROVE (six selected sites )1

• IMS95
• MATESII
• NERL (Phoenix Supersite)
• NFRAQS

All concentrations are reported as µg/m3.

The dailyavg.final.dbf file contains daily average concentrations by source, site_id, and date. The
variables are listed in Table 2-1. Note that each daily average is possibly averaged across
multiple time periods during the day (e.g. some black carbon data was reported every five
minutes) and/or multiple measuring instruments at the same location (e.g. EPA daily average
data with multiple POCs on the same date). For MDLs, we either used values reported with the
database or used default values obtained from the literature. Raw values below the MDL were
replaced by one half of the MDL prior to computing the daily averages (this did not happen very
often for the EC/OC/BC concentration data). For black carbon, MDLs were not reported in the
databases and could not be obtained from the data suppliers. According to the “Aethalometer
Book” (Hansen, 2000), written by the company that makes the aethalometer instrument that
measures BC, the black carbon MDL depends upon the filter size, air flow rate, and averaging
period. The filter size and air flow rate were not always available. Furthermore, since we are
only interested in daily averages, the MDLs of the five-minute or hourly values do not represent
the precision of the daily averages. For these reasons, we did not use MDLs for the black carbon
data, effectively assuming an MDL of zero. The method variable lists all methods used for that
day (“Aethalometer” applies to all black carbon data, other methods apply to EC and OC).

EPA’s Office of Air Quality Planning and Standards is reviewing the measurement of EC
through the Speciation Trends Network, and an Agency statement on the issue is forthcoming.
For now, however, existing values developed using the TOT method are being used.

Minimum detection limits (MDLs) were obtained from the data suppliers if possible. For the
EPA PM speciation data, specific MDL’s for each of the various NIOSH methods were supplied;
each daily measurement had an associated measurement method. The EPA MDLs were mostly
equal to or close to 0.146 µg/m3 for EC and OC. For Airbeat, the data supplier reported EC
MDLs that were either 0.059 or 0.134 µg/m3 depending on the method used. For IMPROVE and

                                                
1 The data from the two Yellowstone Park sites YELL1 and YELL2 were treated as all coming from the YELL1 site.
The Yellowstone Park monitoring site was moved a short distance in 1996.
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NFRAQS, the data source contact was unable to give specific MDL values for the TOR method,
because the TOR measurements of EC and OC are both sums of three components, each of
which has its own MDL. However, we were able to find a report by Chow and Watson (1998)
that tabulated MDLs of 0.12 µg/m3 for EC and OC by TOR. We used these values for the
IMPROVE and NFRAQS EC and OC data. For CASTNET, MATESII, and NERL, we were
unable to obtain specific MDL values for the NIOSH measurements, but Gary Lear (EPA)
suggested a typical MDL value of 0.1 µg/m3 for EC and OC, which was used for these three
studies. For MATESII, the EC MDL was erroneously entered as 0.01 in the database; this has no
affect on the daily averages or other results since all the MATESII EC measurements were 0.47
µg/m3 or greater.

Since some site-days had more than one measured EC or OC concentration, a daily average can
be treated as being below the MDL if any of the measurements for that day and carbon species
were below the MDL. Using this definition, across the entire dataset, 9.9 % of the 13,993 EC
daily averages were below the MDL and 3.3 % of the 13,804 OC daily averages were below the
MDL.

In addition to the carbon species EC, OC, and BC, the daily average file also includes daily
average concentrations for the various estimated DPM concentrations defined as follows:

ECOCX The EPA EC and OC data were collected using the NIOSH (Sunset
Laboratory) method of thermal optical transmission (TOT). EPA also
computed a value ECOCX intended to approximate the equivalent EC
concentration based on thermal optical reflectance (TOR, as developed
and applied by Desert Research Institute). This value is missing for non-
EPA data.

ECTOR EC value multiplied by TOR average correction factor (missing for EC
measured using TOT).

ECTORH EC value multiplied by TOR maximum correction factor (missing for EC
measured using TOT).

ECTORL EC value multiplied by TOR minimum correction factor (missing for EC
measured using TOT).

ECTOT EC value multiplied by TOT average correction factor (missing for EC
measured using TOR).

ECTOTH EC value multiplied by TOT maximum correction factor (missing for EC
measured using TOR).

ECTOTL EC value multiplied by TOR minimum correction factor (missing for EC
measured using TOR).



ICF Consulting 10

EPATOR ECOCX value multiplied by TOR average correction factor (missing for
non-EPA data).

EPATORH ECOCX value multiplied by TOR maximum correction factor (missing for
non-EPA data).

EPATORL ECOCX value multiplied by TOR minimum correction factor (missing for
non-EPA data).

In the concentration summary file, EC, OC, BC, and the above DPM estimates are all referred to
as “SPECIES”.

The TOR and TOT (NIOSH) minimum, maximum, and average conversion factors are reported
in Table 3-2 of Chapter 3 “Diesel Particulate Matter Conversion Factors.” The converted values
estimate the diesel particulate matter (DPM) concentration. The applicable conversion factors
depend upon the measurement method (TOR or TOT), whether the location is in the East or
West US, whether the site is urban or rural, and the calendar quarter. For this calculation, sites
with (signed) longitude less than −92° were treated as being in the West US. The Mississippi
river roughly lies along the −92° longitude line. Sites were defined as urban or rural based on the
NSATA assignment for the nearest census tract centroid; this assignment is given by the variable
urbannear in the site summary file.

The sitesummary.final.dbf file contains summary information about the individual sites
(identified by the source and site_id variables). The variables are listed in Table 2-2. Information
includes: the city or county; state; latitude and longitude; first and last measurement dates for
EC, BC, or OC (within the time frame starting January 1, 1994); method; ratios of EC, OC,
sulfate and nitrate to PM2.5; location, distance, location type (urban or rural) and modeled
concentration for the nearest modeled diesel PM2.5 concentration from NATA; location and
modeled concentration for the maximum modeled diesel PM2.5 concentration from NATA
within 30 km, if any; and the dominant source. Note that the maximum modeled value within 30
km is missing if there are no census tract centroids within 30 km. The method variable lists all
methods used for that site (“Aethalometer” applies to all black carbon data, other methods apply
to EC and OC).

The first set of analyses used the 1996 NSATA model predictions consistent with the year 2000
draft of the NONROAD model. The second set of analyses used 1996 NSATA model predictions
consistent with the year 2002 draft of the NONROAD model: The earlier model’s ambient and
background non-road components were both multiplied by 0.69 for every census tract. (since the
1996 national modeled NONROAD DPM was reduced by 31 % for the 2002 draft model). The
values of the nearest modeled concentration and of the location and modeled value for the
maximum modeled concentration within 30 km are each given separately for each version of the
NONROAD model. The dominant source is defined for the 2000 NONROAD model only. If the
total on-road modeled DPM is 50 % or greater of the total modeled DPM, the dominant source is
“On-road.” If the total on-road modeled DPM is less than 25 % of the total modeled DPM, the
dominant source is “Non-road.” Otherwise there is no dominant source.
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The concsummary.final.dbf file contains summary statistics for the daily average concentration
data by source and site, species (BC, EC, OC, ECOCX, ECTOR, ECTORL, ECTORH, ECTOT,
ECTOTH, ECTOTL, EPATOR, EPATORL, EPATORH), year, calendar quarter, and
weekday/weekend. The variables are listed in Table 2-3. Possible values of year are 1994, 1995,
1996, 1997, 1998, 1999, 2000, 2001, and “All” (all years combined). Possible values of quarter
are 1, 2, 3, 4, and “All” (all quarters, i.e., the entire year or years). Possible values of dayofweek
are “Weekday” (Monday to Friday), “Weekend” (Saturday or Sunday), and “All.” For example,
overall averages for a site are obtained by considering year = quarter = dayofweek = “All.”
Summary statistics are available by year (including “All”) and/or by quarter (including “All”).
For the weekend/weekday split, separate weekend and weekday summary statistics are reported
by year (including “All”) or by quarter (including “All”) but not for specific year and quarter
combinations.
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Table 2-1. Daily Average File (dailyavg.dbf)
Variable Description
Date Date
Source Data source (study)
Site_id Site identifier
Citycounty City or County
State State
EC Elemental carbon daily average
OC Organic carbon daily average
BC Black carbon daily average
ECOCX Estimated EC by TOR (EPA data)
ECTOR Average estimated DPM (TOR data)
ECTORH Maximum estimated DPM (TOR data)
ECTORL Minimum estimated DPM (TOR data)
ECTOT Average estimated DPM (TOT data)
ECTOTH Maximum estimated DPM (TOT data)
ECTOTL Minimum estimated DPM (TOT data)
EPATOR Average estimated DPM (EPA ECOCX data)
EPATORH Maximum estimated DPM (EPA ECOCX data)
EPATORL Minimum estimated DPM (EPA ECOCX data)
MinECMDL Minimum EC MDL for date
MaxECMDL Maximum EC MDL for date
MinOCMDL Minimum OC MDL for date
MaxOCMDL Maximum OC MDL for date
Sulfate Sulfate daily average
Nitrate Nitrate daily average
PM25 PM2.5 daily average
Latitude Latitude (degrees and fractions of a degree)
Longitude Longitude (degrees and fractions of a degree)
Method List of all measurement methods used on date,

separated by semicolons.
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Table 2-2. Site Summary File (sitesummary.dbf)
Variable Description
Source Data source (study)

Site_id Site identifier
Citycounty City or County
State State
Latitude Latitude (degrees and fractions of a

degree)
Longitude Longitude (degrees and fractions of

a degree)
MinECDate First date with non-missing EC
MaxECDate Last date with non-missing EC
MinBCDate First date with non-missing BC
MaxBCDate Last date with non-missing BEC
MinOCDate First date with non-missing OC
MaxOCDate Last date with non-missing OC
MinECMDL Minimum EC MDL for site
MaxECMDL Maximum EC MDL for site
MinOCMDL Minimum OC MDL for site
MaxOCMDL Maximum OC MDL for site
EC_PM25 Mean EC divided by mean PM2.5

(for days when both were reported)
OC_PM25 Mean OC divided by mean PM2.5

(for days when both were reported)
Sulf_PM25 Mean sulfate divided by mean

PM2.5 (for days when both were
reported)

Nitr_PM25 Mean nitrate divided by mean PM2.5

(for days when both were reported)
Method List of all measurement methods

used at site, separated by
semicolons

Fipsmax FIPS code for census tract centroid
with maximum modeled DPM
within 30 km (2000 NONROAD
model)

Tractmax Tract ID code for census tract
centroid with maximum modeled
DPM within 30 km (2000
NONROAD model)

Dist Distance (km) to nearest census
tract centroid
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Table 2-2. Site Summary File (sitesummary.dbf)
Variable Description
Maxconc Maximum modeled DPM within 30

km (2000 NONROAD model)
Concnear Modeled DPM at nearest census

tract centroid (2000 NONROAD
model)

Fipsnear FIPS code at nearest census tract
centroid

Tractnear Tract ID code at nearest census tract
centroid

Urbannear NSATA location type (U = urban,
R = rural) at nearest census tract
centroid

Fipsmax2 FIPS code for census tract centroid
with maximum modeled DPM
within 30 km (2002 NONROAD
model)

Tractmax2 Tract ID code for census tract
centroid with maximum modeled
DPM within 30 km (2002
NONROAD model)

Maxconc2 Maximum modeled DPM within 30
km(2002 NONROAD model)

Concnear2 Modeled DPM at nearest census
tract centroid (2002 NONROAD
model)

Dominant Dominant source: “Non-road,”
“On-Road,” or “ ” (blank).
Consistent with the 2000
NONROAD model.
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Table 2-3. Concentration Summary File (concsummary.dbf)
Variable Description
Source Data source (study)

Site_id Site identifier
Year Calendar year or “All”
Quarter Calendar quarter or “All”
DayofWeek “Weekday,” “Weekend,” or “All”
Species EC, OC, BC, ECOCX, ECTOR,

ECTORL, ECTORH, ECTOT,
ECTOTH, ECTOTL, EPATOR,
EPATORL, or EPATORH

N Number of days
Mean Arithmetic mean
Median Median
Geommean Geometric mean
Stddev Standard deviation
Minimum Minimum
Maximum Maximum
Perc10 10th percentile
Perc20 20th percentile
Perc30 30th percentile
Perc40 40th percentile
Perc50 50th percentile
Perc60 60th percentile
Perc70 70th percentile
Perc80 80th percentile
Perc90 90th percentile
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CHAPTER 3. DIESEL PARTICULATE MATTER CONVERSION FACTORS

This part of the effort was primarily carried out by the consulting firm dKC. We compiled
“conversion factors” (CFs) for estimating ambient diesel particulate matter (DPM) based on
elemental carbon (EC), organic carbon and PM2.5 measurements. We attempted to collect
information on CFs for black carbon (BC), but found none in the literature. See below for a
discussion of the recommended treatment of the black carbon data. The CFs were collected from
existing source apportionment and source-receptor model studies.

We received assistance from the following researchers to identify data sources: James Schauer
(University of Wisconsin), Philip Hopke (Clarkston University), Alan Gertler (Desert Research
Institute), and Steve Cadle (GM Research). Overall, we identified and compiled data on CFs
from the following sources:

1. Zheng, Cass, Schauer et al (2002).
Apportionments of PM2.5 (mass) and organic carbon in PM2.5 for 8 SE US sites:
4 urban, 3 rural and 1 suburban. Season: All 4 individually. Dr. Schauer also
provided an elemental carbon breakdown by season (but not by site).

2. Ramadan, Song, and Hopke (2000).
Apportionments of PM (mass) in Phoenix, AZ. Season: Annual Average.

3. Schauer et al (1996).
Apportionments of primary fine organic aerosol and fine particulate mass
concentrations for 4 urban sites in Southern California. Season: Annual Average.

4. Schauer and Cass (2000).
Apportionments of primary fine organic aerosol and fine particulate mass
concentrations for 3 sites in the Central Valley of California: 2 urban and 1 rural.
Season: Winter

5. Watson, Fujita, Chow, Zielinska et al (1998).
NFRAQS. This was the most comprehensive and current analysis of sources of
ambient PM. Two techniques were used to apportion ambient PM: Conventional
CMB and Extended Species CMB. Extended Species CMB breaks down gasoline
vehicle emissions into 3 categories: cold start, hot transient, and high PM emitter
(e.g. a vehicle with visible smoke). PM was apportioned into total carbon, organic
carbon, elemental carbon and PM2.5. A total of 9 sites were evaluated: 3 urban,
4 rural, one suburban, and one to characterize regional transport. Two sites were
used for the Extended Species CMB analysis: one rural and one urban. For the
Extended Species CMB analysis, a temporal apportionment was done. Season:
Winter

6. Air Improvement Resources (1997).
Summary and analysis of available data on contribution of gasoline powered
vehicles to ambient levels of fine particulate matter. Most of the data was covered
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in Reference #3. Included projections of sources of fine carbonaceous PM. for 4
Southern California sites. Season: Annual Average.

7. Cass (1997).
Summary and analysis of available data on contribution of motor vehicles to
ambient levels of fine particulate matter. Most of the data was covered in
Reference #3. Included projections of sources of elemental carbon for 3 Southern
California sites. Season: Annual Average.

The numbering of these source apportionment study references is arbitrary but is retained here
for consistency with the attached Excel spreadsheet.

Dr. Schauer noted that several important source apportionment studies are currently underway,
and results should start being available in the next 6 months.

We compiled data on conversion factors (CFs) into an Excel spreadsheet provided to EPA. The
spreadsheet contains a page for CFs from each reference. The following information was
compiled for each data point:

• Year data were collected

• Site evaluated

• State data were collected

• Type of site: urban, rural, suburban (in some cases more specific types were used,
e.g. rural down valley).

• Season data were collected

• Ambient Measurement Technique: Thermal optical transmission (TOT, also
referred to as the NIOSH method, as developed by Sunset laboratories) or thermal
optical reflectance (TOR, as developed and applied by Desert Research Institute,
which was also used for the IMPROVE database and the Northern Front Range
study). 

• PM measurement parameter (organic carbon, elemental carbon, PM2.5)

• Concentration apportioned to diesel powered engines

• Concentration apportioned to gasoline engine exhaust. (One of the data sources,
Northern Front Range Air Quality Study, had a breakdown of gasoline powered
vehicle emissions into LDHV Cold Start, LDGV hot stabilized (warmed-up vehicle
emissions, and LDGV high PM emitter)

• Total concentration



ICF Consulting 18

• % of PM from diesel, for each measurement parameter  This value was calculated
for each site (in some cases, by season) as the ratio of the CMB estimated diesel
fine particulate matter to the site average total fine particulate matter
concentration. Both values were either reported in the source apportionment study
report or were obtained directly from the researcher.

• Multiplicative conversion factor to convert total organic carbon (OC) or total
elemental carbon (EC) concentration to diesel PM2.5 concentration. Conversion
factors (CFs) were calculated by dividing the diesel PM2.5 concentration reported
by the study by the total organic carbon or elemental carbon concentration
reported by the study.

• Z factor: % of diesel PM2.5 that is OC or EC. This was calculated by dividing the
reported % of OC or EC that is from diesels by the CF calculated above. The % of
diesel PM2.5 that is OC or EC varied significantly for data based on the two
measurement techniques: TOR or NIOSH.

The Z factor equals the OC or EC diesel PM2.5 concentration divided by the total diesel PM2.5

concentration. This factor can be compared with the measured OC or EC fraction in the
associated diesel PM2.5 source profile. For most of the studies, the diesel source profiles were not
easily obtained. For reference 5 (NFRAQS), the calculated Z factor for EC is compared with the
source profile Z factor in the attached spreadsheet. The calculated and source profile Z factors
were quite close except for the Chatfield and Highlands sites. For consistency with the treatment
of other studies, for all the NFRAQS sites (including Chatfield and Highlands) we used the
multiplicative conversion factor defined above and did not correct for any differences between
the calculated and source profile Z factors.

The originally proposed approach for this project was to compute the conversion factors as the
percentages of diesel in PM2.5 OC or EC (from CMB) divided by the source profile percentage of
OC or EC in diesel PM2.5 (i.e., divided by the source profile Z factor). This alternative approach
gives almost the same results, as can be shown in the reference 5 worksheets, which demonstrate
that the two methods give almost the same conversion factors for the NFRAQS sites, except for
the Chatfield and Highlands sites. The method used here does not require the CMB study to
provide a source apportionment of OC or EC (just the source apportionment for PM2.5) and does
not need the diesel source profile.

The spreadsheet also contains sheets that compile available data on the following:

• Organic Carbon (OC) conversion factors (conversion factors to convert total OC
to diesel PM2.5 concentration).

• Elemental Carbon (EC) conversion factors (conversion factors to convert total EC
to diesel PM2.5 concentration).

• Fraction of fine particulate mass attributed to diesels.
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Table 3-1 presents the minimum, maximum, and average diesel fraction of PM2.5 as a function
of:

• Urban or rural
• Season
• East or West US

The reported minimum, maximum, and average values in Table 3-1 are the minima, maxima, and
arithmetic means of the “% of PM from diesel” values across all sites (and seasons, where
applicable) in the given site subset.

Table 3-2 presents the minimum, maximum, and average EC conversion factors as a function of:

• Measurement technique
• East or West US
• Season
• Urban or rural

The reported minimum, maximum, and average values in Table 3-2 are the minima, maxima, and
arithmetic means of the EC conversion factors across all sites (and seasons, where applicable) in
the given site subset. For the NIOSH (same as TOT) data collected in the East, the minimum,
maximum, and average conversion factors are all equal. This is because these values were based
only on the Zheng, Cass, Schauer, et al (2002) study. For this project, Dr, Schauer provided EC
summary data from this study averaged over sites, by season. Hence only one value is available
for NIOSH data for each season in the Eastern US.

Table 3-3 presents the minimum, maximum, and average OC conversion factors as a function of:

• Urban or rural
• Season
• East or West US

The reported minimum, maximum, and average values in Table 3-3 are the minima, maxima, and
arithmetic means of the OC conversion factors across all sites (and seasons, where applicable) in
the given site subset.

Black Carbon

Black carbon is measured on an “aethalometer,” a measuring instrument developed by Magee
Scientific. The following summary is taken from the “Aethalometer Book,” by Hansen (2000).

“The Aethalometer is an instrument that provides a real-time readout of the concentration
of ‘Black’ or ‘Elemental’ carbon aerosol particles. (BC or EC). These particles (“soot”)
are emitted from all types of combustion, most notably from diesel exhaust. ‘BC’ is
defined by blackness, an optical measurement. The Aethalometer uses an optical
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measurement, and gives a continuous readout. The ‘EC’ definition is more common. It is
based on a thermal-chemical measurement, an analysis of material collected on a filter
sample for several hours and then sent to a laboratory. Research at Harvard showed that
the Aethalometer BC measurement is directly related and equivalent to the filter-based
EC measurement. In fact, an option in the software allows it to read out in EC units.”

More details are given in the full document (Hansen, 2000) and in various references, including
Allen et al (1999), Chow et al (1993), Hansen and Mc Murry (1990), and Liousse et al (1991).

On this basis, and because none of the source apportionment studies that we found used black
carbon measurements, we recommend using the same conversion factors to convert BC and EC
concentrations to diesel PM2.5.

Recommendations

The final columns in Tables 3-2 and 3-3 give our recommendations for which minimum,
maximum, and average EC and OC conversion factors should be applied to the database. For
BC, the available data are more limited and we did not find any source apportionment studies
based on BC measurements. OC is not as useful a surrogate for diesel PM as EC because diesel
PM source profiles tend to contain much more EC than OC, on average, and because the diesel
fraction in EC is typically estimated to be much higher than the diesel fraction in OC. For
example, the NFRAQS study (Watson, Fujita, Chow, Zielinska, et al, 1998), determined that EC
contains about 60 % diesel and OC contains about 8 % diesel. Therefore, EPA determined that
only EC data be used for the model to monitor comparisons.

For EC, as shown in Table 3-2, available CF data based on the NIOSH (TOT) method in the East
mainly allows a breakdown by season. There is not enough seasonal data to stratify by location
type. The seasonal stratification in the East is based only on reference 1, which had data for
January, April, July, August, and October only. Thus for the data in the East, the seasonal
stratification is equivalent to a quarterly stratification: Winter = Quarter 1, Spring = Quarter 2,
Summer = Quarter 3, Fall = Quarter 4. For the East US, we recommend using the EC conversion
factors for each daily mean according to the calendar quarter (equivalently, the season). For the
West US, the available data were collected at urban sites in Los Angeles and the season was not
reported. Thus we suggest applying the same factors for all EC data collected in the West,
regardless of location type. For observations based on the TOR method, we suggest that
conversion factors be based on location type (urban or rural), regardless of season. This is due to
an absence of TOR data from non-Winter observations. For BC, the approximate equivalence
between EC and BC suggests using the same conversion factors as for EC.

For OC, separate conversion factors for TOR and TOT data were not computed, although they
would be preferred due to the wide differences in the two measurement methods. For OC, as
shown in Table 3-3, the data in the East is stratified by Urban or Rural location and by season,
but the data in the West is only available for the winter season. The seasonal stratification in the
East is based only on reference 1, which had data for January, April, July, August, and October
only. Thus for the data in the East, the seasonal stratification is equivalent to a quarterly
stratification: Winter = Quarter 1, Spring = Quarter 2, Summer = Quarter 3, Fall = Quarter 4. For
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the East US, we recommend using the OC conversion factors for each daily mean according to
the calendar quarter (equivalently, the season), and whether the site is urban or rural. For the
West US at rural sites, only winter data are available for OC conversion factors, but at rural sites
in the winter, the CF distributions for East and West are quite similar (the factors in the West are
a little lower). On this basis, assuming the same applies to all seasons, we recommend applying
the OC CF’s for the seasonal/quarterly totals to the daily averages at West US rural sites in the
first three quarters. For West US rural sites in the winter, i.e., Quarter 1, we recommend using
the corresponding OC CF distribution. For urban sites, the winter CF distributions are very
different between the East and West sites—the averages differ by a factor of about two—so this
approach is not recommended. Instead, for West US urban sites, we recommend using the
“Urban All” OC CF distribution since the uncertainty range is conservatively wide, the mean is
close to the mean for West US urban sites, and the minimum is the same as the minimum for
West US urban sites in the winter.
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Table 3-1
Summary of Percent of Fine PM Apportioned to Diesels

% Contribution From DieselsLocation
type

Season East
or
West Minimum* Maximum* Average*

Fall East 8.9% 10.9% 9.8%
Spring East 11.4% 15.2% 12.9%
Summer East 7.5% 10.9% 8.7%
Winter East 10.0% 13.5% 12.1%

West 2.7% 11.4% 5.9%

Rural

Winter Total 2.7% 13.5% 7.8%
Rural
Total 2.7% 15.2% 9.1%

All West 12.7% 35.7% 21.2%
Fall East 7.5% 32.0% 20.7%
Spring East 10.1% 29.9% 19.8%
Summer East 9.6% 25.5% 14.8%
Winter East 17.0% 24.1% 21.2%

West 5.3% 12.7% 9.4%

Urban

Winter Total 5.3% 24.1% 13.3%
Urban
Total 5.3% 35.7% 16.6%
Grand
Total 2.7% 35.7% 13.9%

Notes:
* Minimum, maximum, or average value across all sites of the % contribution from diesel, which
is defined as the ratio of the CMB estimate of diesel PM2.5 divided by the total PM2.5
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CHAPTER 4. MODEL-TO-MONITOR COMPARISONS

Using the CFs to convert the monitored EC values to estimated DPM concentrations, we
compared differences between the monitored and modeled DPM values. For the modeled values,
the NSATA predictions for 1996 using ASPEN (and CALPUFF, for the background) were used.
We compared the monitored value to the NSATA prediction at the nearest ASPEN receptor site
(census tract centroid). These comparisons were made for the original NSATA model predictions
consistent with the draft 2000 NONROAD model (“concnear”) and for the revised NSATA
model predictions consistent with the draft 2002 NONROAD model (“concnear2”) with non-
road model predictions reduced to 69 % of their original value. We also compared the monitored
value to the maximum NSATA prediction within 30 km. These comparisons were also made for
the original NSATA model predictions consistent with the draft 2000 NONROAD model
(“maxconc”) and for the revised NSATA model predictions consistent with the draft 2002
NONROAD model (“maxconc2”)

For the monitored value we separately analyzed the site means of DPM-high, DPM-low, and
DPM-avg, as described above. The site means were computed by averaging all the daily
averages (from January 1, 1994 onward), since there were insufficient data to restrict the
monitored data to the modeling year 1996. The first set of comparisons used EC data collected
by the TOR method only (average, minimum, and maximum DPM values ECTOR, ECTORL,
and ECTORH respectively). The second set of comparisons used EC data collected by the TOT
(NIOSH) method only (average, minimum, and maximum DPM values ECTOT, ECTOTL, and
ECTOTH respectively). The third set of comparisons combined the EC data collected using the
TOR method with the EPA ECOCX value (based on estimated TOR values). This set of average,
minimum, and maximum DPM values are denoted by TOR, TORL, and TORH, respectively.

Each of these model-to-monitor comparisons were applied to the subsets of all locations, urban
locations, and rural locations. Additionally, but only for the predictions consistent with the draft
2000 NONROAD model, we considered the subsets of sites with modeled DPM dominated by
Non-road (at least 75 % non-road) or by On-road (at least 50 % on-road).

We compared the modeled and monitored results using:

• Scatterplots of modeled against monitored values that include fitted regression lines
• Tables summarizing the regression fits, average difference, and average percentage

difference for the modeled values against the monitored values
• Tables summarizing the proportions of modeled values that were within 10%, 25%, 50%,

and 100% of the monitored values

Table 4-1 summarizes each of the regressions. The modeled values are regressed against the
average, maximum, and minimum “DPM monitored” values for each given data subset. The
“DPM monitored” value is the EC value multiplied by the applicable conversion factor to
convert it to the estimated DPM. Scatterplots are shown for a few representative cases. In each
scatterplot, the fitted regression lines of the modeled values against the DPM monitored values.
Each plot shows the modeled values plotted against the average, maximum, and minimum DPM
monitored values for a given data subset. The three regression lines are shown together with the
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Y=X line. The Y=X line has zero intercept and slope 1 and represents the ideal case where
modeled and monitored values agree precisely. For easier comparison, the regressions have been
numbered in Table 4-1, and those numbers are included in the Figure footnotes.

In some cases, all three regression lines intersect and have the same intercept (but different
slopes). This occurs in cases where the same set of three conversion factor values apply at each
monitored value in the data subset. In some cases there are some data points where all three
DPM monitored values are identical, or almost identical. This is attributable to the fact that for
NIOSH data in the East, the minimum, maximum, and average estimated CFs were identical for
each season, and the seasonal values were almost identical, as shown in Table 3-2.

Table 4-1 presents the regression lines in tabular format. For each case is presented: the
intercept, its standard error, the slope, its standard error, and the R squared goodness-of-fit
statistic. Ideally the intercept should be close to zero and the slope should be close to 1. R
squared values close to 1 indicate a good fit of the simple linear model and values close to zero
indicate a poor fit.

Tables 4-2 to 4-4, respectively, show the monitored DPM values and nearest modeled value
(consistent with the draft 2000 NONROAD model) for the TOR sites, for the TOT sites, and for
the combination of the TOR sites and the EPA sites with the ECOCX data. These data were used
for the “concnear” regressions (except that the TOR outlier value mentioned below was excluded
from the regressions).

Table 4-5 presents the mean modeled and monitored values, the mean difference, the mean
percentage difference, and the fractions of modeled values within 10 %, 25 %, 50 %, or 100 % of
the monitored values. Ideally the mean differences and mean percentage differences should be
close to zero and the fractions of modeled values within a small percentage of the modeled
values should be close to one.

Review of preliminary scatterplots showed clearly that for the TOR data, there was one site with
an extremely high modeled value that was greater than 12 ug/m3 compared to monitored DPM
values close to 1 ug/m3. Other TOR modeled to monitor ratios were much lower. This obvious
outlier value from the IMPROVE Washington DC site (WASH1) was removed from all these
analyses although it was retained in the database.

Results

TOR Regressions excluding EPA data

The TOR comparisons excluding the EPA ECOCX data are based on only 15 monitoring sites
and therefore are relatively less representative. As shown in Figure 4-1 (regressions 1, 19, and
37), for all sites combined, the regression line of the nearest modeled concentration against the
DPM average is closest to the Y=X line but, as shown in Table 1, regression 1, the R squared
value is 0.22, indicating a poor regression fit. The model tends to overpredict as shown by the
fact that more of the values are above the Y=X line. The same analysis for rural sites only
(regressions 2. 20, and 38) shows a better fit for the regression but a greater tendency to
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overpredict, with slopes close to 2. There are too few urban TOR locations to properly evaluate
this subset. There are also too few Non-road dominated locations (and zero on-road dominated
locations) to compare the modeled and monitored data. Comparing Figure 4-2 to Figure 4-1, the
regression model using the revised NONROAD model appears to fit slightly worse but the
numerical differences are relatively small for most locations. The comparisons between the
maximum modeled value within 30 km and the monitored values show that the monitored value
is significantly over-predicted (e.g., see Figure 4-3).

TOT Regressions

The TOT comparisons are primarily based on the EPA PM speciation data producing a total of
95 monitored values for each of the DPM-minimum, DPM-maximum, and DPM-average. Figure
4 uses all these data. The best results are for the DPM-minimum case, with a R squared value of
0.17, an intercept of 1.52 and a slope of 0.72. Figure 4-4 shows that there are some monitored
values that are significantly over-predicted and some monitored values that are significantly
under-predicted. The results for the urban and rural subsets are similar although the model
performance appears to be a little better for the rural sites. For the Non-road dominated sites, the
regression model fits better than the all sites regression, but the monitored values are
significantly overpredicted (the slope is 1.82 for the DPM-average, regression 58). There are not
enough data points to properly evaluate the subset of On-road dominated sites. Comparing
Figure 4-4 to Figure 4-5, the regression model using the revised NONROAD model appears to fit
slightly better but the numerical differences are relatively small for most locations; the DPM-
minimum predictions give the best model performance. Similarly to TOR, the comparisons
between the maximum modeled value within 30 km and the monitored values show that the
monitored value is significantly over-predicted.

TOR Regressions including EPA data

The TOR comparisons including the EPA ECOCX data are based on 88 monitoring sites. Of the
three monitored DPM values, the best model performance is obtained for the DPM-average
value, regression 127, with a slope of 0.91 and an intercept of 0.77 although the R squared value
is only 0.12. (Figure 4-6). The regression results for the rural and urban subsets are very similar,
but the regression fit is a little better for the rural subset. For the 18 Non-road dominated sites,
the model performance is a bit worse than the performance for all sites. There are insufficiently
many sites to evaluate the subset of on-road dominated sites. The numerical differences between
the 2000 and 2002 models are relatively small for most locations and the model performance is
very similar. (Using the revised model the R squared values are slightly higher, the intercept is
closer to zero, but the slope is further from 1). The comparisons between the maximum modeled
value within 30 km and the monitored values show that the monitored value is significantly over-
predicted.

Differences and percentage differences

The following table extracted from Table 4-5 summarizes the differences and percentage
differences between the nearest modeled value and the monitored values. The ECTOR outlier
value for the IMPROVE Washington DC site is excluded from these calculations.
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Summary of differences between the nearest modeled concentration and the monitored values.

Fraction of Modeled
Values Within

Modeled
Variable1

Monitored
Variable2 N

Mean
Modeled

Value

Mean
Monitored

Value

Mean
Difference Mean

%
Difference 10% 25% 50% 100%

concnear ECTOR 15 1.56 0.94 0.63 100 0.07 0.13 0.53 0.53
concnear2 ECTOR 15 1.20 0.94 0.26 56 0.07 0.13 0.47 0.60
concnear ECTORH 15 1.56 1.16 0.40 62 0.00 0.07 0.40 0.60
concnear2 ECTORH 15 1.20 1.16 0.04 26 0.00 0.07 0.33 0.73
concnear ECTORL 15 1.56 0.64 0.92 190 0.13 0.40 0.47 0.53
concnear2 ECTORL 15 1.20 0.64 0.55 126 0.07 0.33 0.47 0.53
concnear ECTOT 95 2.61 1.73 0.88 80 0.12 0.21 0.45 0.68
concnear2 ECTOT 95 2.05 1.73 0.32 42 0.11 0.37 0.53 0.77
concnear ECTOTH 95 2.61 2.10 0.52 61 0.11 0.22 0.46 0.74
concnear2 ECTOTH 95 2.05 2.10 -0.05 27 0.11 0.35 0.53 0.80
concnear ECTOTL 95 2.61 1.52 1.09 101 0.09 0.17 0.43 0.63
concnear2 ECTOTL 95 2.05 1.52 0.52 58 0.09 0.32 0.52 0.72
concnear TOR 88 2.31 1.70 0.61 47 0.10 0.30 0.59 0.78
concnear2 TOR 88 1.81 1.70 0.11 15 0.17 0.30 0.59 0.85
concnear TORH 88 2.31 2.23 0.08 13 0.11 0.26 0.60 0.84
concnear2 TORH 88 1.81 2.23 -0.42 -12 0.08 0.22 0.52 0.92
concnear TORL 88 2.31 1.19 1.12 110 0.10 0.26 0.41 0.65
concnear2 TORL 88 1.81 1.19 0.62 65 0.14 0.31 0.52 0.74

Notes:
3. Modeled variable:
concnear Nearest modeled DPM concentration consistent with the draft 2000

NONROAD Model
concnear2 Nearest modeled DPM concentration consistent with the draft 2002

NONROAD Model
4. Monitored variable:
ECTOR EC value multiplied by TOR average correction factor (missing for EC

measured using TOT).
ECTORH EC value multiplied by TOR maximum correction factor (missing for EC

measured using TOT).
ECTORL EC value multiplied by TOR minimum correction factor (missing for EC

measured using TOT).
ECTOT EC value multiplied by TOT average correction factor (missing for EC

measured using TOR).
ECTOTH EC value multiplied by TOT maximum correction factor (missing for EC

measured using TOR).
ECTOTL EC value multiplied by TOR minimum correction factor (missing for EC

measured using TOR).
TOR ECOCX value multiplied by TOT average correction factor for EPA data,

ECTOR for TOR data.
TORH ECOCX value multiplied by TOT maximum correction factor for EPA

data, ECTOR for TOR data..
TORL ECOCX value multiplied by TOR minimum correction factor for EPA

data, ECTOR for TOR data.
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Tables 4-2 to 4-4 show the monitored and modeled (nearest tract, DPM modeled values
consistent with the draft 2000 NONROAD model) DPM values. In most cases the modeled
values are within at most a factor of 2 of the monitored values.

Table 4-5 summarizes the differences and percentage differences between all the sets of modeled
and monitored values. The ECTOR outlier value for the IMPROVE Washington DC site is
excluded from these calculations.

For the TOR comparisons excluding the EPA ECOCX data, the best model performance based
on the mean percentage difference and based on the fraction of modeled values within 100 % of
the monitored value is for the DPM-maximum value consistent with the 2002 NONROAD
model. For all 15 sites the mean percentage difference is 26 % and the fraction of modeled
values within 100 % of the monitored value is 73 %. This fraction would have been 69 %
including the outlier. For the 10 rural sites the mean percentage difference is 20 % and the
fraction of modeled values within 100 % of the monitored value is 70 %. For the 5 urban sites
the mean percentage difference is 39 % and the fraction of modeled values within 100 % of the
monitored value is 80 %. Interestingly, this finding is different to the regression analyses which
found the model performance to be slightly worse with the modeled value consistent with the
revised NONROAD model and better using the DPM-average monitored values.

For the TOT comparisons, the best model performance based on the mean percentage difference
and based on the fraction of modeled values within 100 % of the monitored value is also for the
DPM-maximum value consistent with the 2002 NONROAD model. (The results for the subset of
On-road dominated sites are even better, but are based on only 6 monitors) For all 95 sites the
mean percentage difference is 27 % and the fraction of modeled values within 100 % of the
monitored value is 80 %. For the 30 rural sites the mean percentage difference is 16 % and the
fraction of modeled values within 100 % of the monitored value is 80 %. For the 65 urban sites
the mean percentage difference is 32 % and the fraction of modeled values within 100 % of the
monitored value is 80 %.

For the TOR comparisons including the EPA ECOCX data, the best model performance based
on the mean percentage difference and based on the fraction of modeled values within 100 % of
the monitored value is also for the DPM-maximum value using the 2002 NONROAD model. For
all 88 sites the mean percentage difference is -12 % and the fraction of modeled values within
100 % of the monitored value is 92 %. For the 30 rural sites the mean percentage difference is 6
% and the fraction of modeled values within 100 % of the monitored value is 87 %. For the 58
urban sites the mean percentage difference is -14 % and the fraction of modeled values within
100 % of the monitored value is 95 %.

Discussion

The model performance evaluation based on the regression models leads to different conclusions
than the model performance evaluation based on the differences. One primary reason is that the
regression analyses are more influenced by the extreme values. For most purposes the analysis of
the differences is more useful, especially since all of the regression models fitted relatively
poorly (except for those with only 2 data points). The best model performance based on the mean
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percentage difference and based on the fraction of modeled values within 100 % of the
monitored value is for the DPM-maximum value consistent with the 2002 NONROAD model.
The corresponding fractions of modeled values within 100 % of the monitored value are 73 %
for all TOR sites excluding the EPA ECOCX data, 80 % for all TOT sites, and 92 % for all TOR
sites including the EPA ECOCX data. As discussed in Chapter 1, this performance compares
favorably with the model to monitor results for the other pollutants assessed in the NSATA,
except for benzene.
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